well as specific and potentially life-threatening immune-mediated disorders: adult-onset asthma and hypersensitivity pneumonitis (HP). 6, 7 MWF in the manufacturing environment provide rich media for microbial proliferation, sustaining a wide diversity of organisms in the bacterial, mold, fungal, and other orders.
During the observational studies discussed here, over 800 000 workers in the United state were estimated to be routinely exposed to MWF in manufacturing and maintenance activities (most recent NIOSH assessment). 8 The 
| METHODS

| Compilation of mortality findings
The first step identified cancer sites with statistically significant excesses in MWF-exposed populations based on published reviews. 1, 4, 5 The studies contributing to this hazard identification step generally had insufficient retrospective exposure assessments to support a quantitative risk assessment; the reported associations were typically with duration in metalworking process classifications or with other broad generic categories. Because of the complex and changing compositions of MWF exposures, only gravimetric measures of the total mass of airborne dusts or mist exposures to any MWF are considered for risk assessment purposes, in some cases with restriction to the thoracic fraction.
In the second step, relative risk estimates for the specific cancer sites selected were obtained from published analyzes of mortality in a single cohort of workers drawn from three automobile manufacturing plants with diverse MWF exposures. 12 For this unique cohort an extensive retrospective exposure assessment had been performed and a detailed work history compiled on over 46 000 auto workers followed from 1941 through 1994. 13 Although all types of metal- Table 1 . 12,14-24 All these studies were based on the GM-UAW cohort of Eisen et al. 12 Also included in the cancer risk assessment were the MWF associations with cervical and breast cancer, first observed in this autoworker study which included a large female workforce. 20 Support for a breast cancer association with MWF was previously reported in a large population-based casecontrol study. 25 Some of the reported results duplicate earlier analyzes of this cohort; only the later or more detailed analyzes were used. The MWF associations for colon cancer and bladder cancer lacked sufficient certainty in the prior literature to be included. All risk estimates from the three auto plants for the cancer sites previously identified in the published literature as MWF-associated were included in the risk assessment regardless of value or statistical significance in the three UAW-GM auto plants, as is appropriate for a meta-analysis with strong prior evidence of causal associations. In analyzes stratified on exposure levels, restricting to significant exposure response would bias the summary risk estimates upward.
| Analysis
The contributing analyzes utilized different designs and analytical methods (see Supplementary Table S1 ). The diverse reported measures of association were transformed into a single, common measure of relative rate (RR) equivalent to a simple linear association, RR = 1 + b × cumX, from which excess relative rate (ERR) = b × cumX, and the exposure response (XR) = ERR/cumX = b, were derived. This step depended on the modeling specification scenario of which there were three (Table 2 ).
In the third step, combining results from the various studies, categorical, and spline analyzes often produced several final estimates for the same exposure-response. For each specific outcome, these were combined as a weighted average, the weights applied being (β/SE β ) 2 . All strata for which a mean cumulative exposure could be assigned were used. If the stratum mean was not reported, the geometric mean of the stratum limits was used. If the lowest stratum merely had an upper limit or the upper stratum had no upper limit, the stratum estimate was not used. Similarly, when analyzes focused on specific types of MWF, example straight, soluble, etc., each of these estimates was included in the outcome-specific average exposure response using the same weighting procedure (see Supplementary Table S1 ), recognizing that some of these MWF-specific estimates were probably confounded by exposures to other types of MWF. When SE β was not reported, it was derived from the lower confidence limit.
Using the life- at the attained age and by the sum of the products of: a) the site-specific average exposure-response estimates (b(i); Table 3 ), and b) the corresponding age-and site-specific national death rates 28 (assuming equal proportions by sex and a 10% nonwhite population):
For female premenopausal breast cancer, 20 the cumulative exposure metric was based on the prior 10 years of exposure (unlagged) as specified in the regression analysis and the background rate was adjusted to account for both incident (n = 46) and fatal (n = 64) cases up to age 51, as in the reported regression analysis.
Thus it was assumed that the risks at different cancer sites were acting independently and could be summed based on the observed individual cancer site estimates. Different contributing studies used various lag periods to address latency in estimating exposure response with the majority of estimates actually calculated without a presumed lag period (eg, Eisen et al 12 ) . Therefore in the calculation of XLTR, lag periods of 20, 10, and 0 years were applied for comparison.
| RESULTS
The predicted attributable cancer deaths (assuming 10 years lag) (Table 4 ; see Supplementary Table S2 for example of life-table   calculation 
| Limitations
Although only three automotive manufacturing plants with MWF exposures were studied for cancer mortality, these three large plants Predicted excess relative rates and attributable cases for the 13 specific cancer sites in some cases were based on quite uncertain estimates, but the aggregate effect of these statistically independent effects would be more stable. Personal risk factors such as smoking were not available in most analyzes but all were based on internal comparisons which would tend to reduce bias from those risk factors. For the leading cancer sites with deaths attributable to MWF (larynx, esophagus, brain but not lung), smoking is a relatively small risk factor. Moreover, smoking is a risk factor for poor health and relatively earlier termination of employment and, thus, it would contribute to a healthy worker survivor bias and likely negative confounding of analyzes of exposure response related to cumulative exposure.
| CONCLUSION
Because many ingredients in current MWF remain from earlier formulations, it is reasonable to assume that some MWF carcinogenicity persists today. Although some important changes have occurred, such as elimination of acid-refined oils many years ago and reduction of nitrosamine-forming chemicals, newer agents are being continually introduced with little or no knowledge of associated chronic health risks. 
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